ABSTRACT
We tested four commercial disinfectants against crayfish plague (Aphanomyces astaci) spores in both aquatic solutions and with material mimicking fishing and crayfishing gear, e.g. traps, ropes, mesh, etc. The tested disinfectants were Proxitane R 5:14, Proxitane R 12:20, Wofasteril R E400, Virkon R S and hydrogen peroxide. The effects of the chemicals were initially tested in liquid zoospore cultures and the effective concentrations were then further tested using clean and dirty model materials (PP sheet, nylon rope, cotton fabric) contaminated with A. astaci spore solutions. The disinfectants effective against infective crayfish plague spores with both clean and dirty model materials were Proxinate R 5:14 (effective concentration was 30 mg·L −1 of PAA) and Virkon R S (3 g·L −1 ), while Proxinate R 12:20 (10 mg·L −1 of PAA) and Wofasteril R E400 (30 mg·L −1 of PAA) worked only with clean model materials. Hydrogen peroxide was not effective in the tested concentrations and conditions. Based on the results, the disinfectants most suitable for the fishing and crayfishing gear disinfection would be Proxitane R 5:14 and Virkon R S, with the condition that all the gear should be thoroughly cleaned of organic matter to ensure inactivation of A. astaci spores.
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INTRODUCTION
One of the main means of unintentional spreading of the Aphanomyces astaci spores is with infected fishing and crayfishing gear, such as nets, traps and cages (Matthews and Reynolds, 2002; Alderman, 1996; Oidtmann et al., 2002; Souty-Grosset et al., 2006) with the possibility of the interaction between different A. astaci strains increasing the potential threat (Makkonen et al., 2012; Jussila et al., 2013b) . The virulence of the most common A. astaci isolates in Europe has been shown to be high and variable (Makkonen, 2013; Filipova et al., 2013; Jussila et al., 2013a) emphasising the need for the prevention of the spread of this disease. The European water courses are plentiful with most of them having an easy access. In addition to the fishing rights owners moving their gear from one water course to another, there are several fishermen being unaware of consequences of their fishing gear, not being properly disinfected, carrying several parasites and pathogens capable of infecting fauna in the target waters. The spreading of alien pathogens and even alien species has thus been assisted by fishermen not knowing the consequences of their actions. Observations on the longevity of the various life stages of A. astaci have been presented (Svensson and Unestam, 1975) . The authors observed that A. astaci cysts survived for 2 weeks in distilled water and that zoospores remained motile for up to 3 days (Unestam, 1969) . As A. astaci can go through three cycles of zoospore emergence, the maximum life span outside of a host could be several weeks. Unestam (1966) found still viable spores in a spore suspension kept at 2
• C for 2 months. The described A. astaci stamina requires efficient disinfection methods. Recently, EU level policies and strategic decisions have focused on the enhancement of biodiversity and prevention of the spread of alien species (EU, 2013) . Some of the national alien species strategies list the disinfection of the material been transported among water systems as one of the key means in the prevention of disease spreading and conservation of the native species (e.g. MMM, 2013) . In case of the native European crayfish, especially in the Nordic countries, where crayfish trapping is commonplace (Jussila and Mannonen, 2004) , the crayfishing gear disinfection is of utmost importance. Easily available and practical to use disinfectants would also assist in the conservation of the native crayfish in Continental Europe. Furthermore, routine disinfection of stocking material and its transport water would be beneficial (Jussila et al., 2011; Kouba et al., 2012) . So far, easy and inexpensive means to disinfect the fishing and the crayfishing gear have been hard to obtain (e.g. Oidtmann et al., 2002) and some of the effective disinfectants have been banned or are outright hazardous, e.g. malachite green and formaldehyde (Marchand et al., 2012; Pedersen et al., 2007) . The practical means to disinfect crayfishing and fishing gear include freezing, drying and heating (e.g. Alderman, 2000) . Recently, there have been several papers published describing peracetic acid (PAA) based disinfectants (Koivunen and Heinonen-Tanski, 2005; Jussila et al., 2011; Pedersen et al., 2009 Pedersen et al., , 2013 Kouba et al., 2012) , which are easy to use, efficient in inactivation of also aquatic pathogens and, if not harmless to humans, then relatively safe to use. The inactivation of aquatic animal pathogens by PAA based chemical solutions has been proven (Lilley and Inglis, 1997; Bugge, 2001; Weitkamp et al., 2007; Marchand et al., 2012) , including its efficiency against crayfish plague spores (Jussila et al., 2011) and safety for crayfish (Kouba et al., 2012) . The concentrations needed for A. astaci inactivation appear rather harmless for humans under practical disinfection conditions (Jussila et al., 2011 ) and the neutralisation after the disinfection process is simple (e.g. Pedersen et al., 2013) . Currently there are several commercial PAA based disinfectants available in Europe, as these compounds have been routinely used for water purification (Koivunen and Heinonen-Tanski, 2005) . This allows their usage, if proven effective in crayfish plague inactivation, to be routine also when disinfecting fishing and crayfishing gear. The opportunity to use these commercial disinfectants is beneficial, but their effectiveness under practical conditions against crayfish plague (A. astaci) spores has not been tested. The aim of the study was to test the effect of selected commercial or common chemical disinfectants in inactivation of the crayfish plague spores under practical conditions. Based on the results we give recommendations for the chemicals to be utilised in prevention of the spread of A. astaci with water used in fish transport or being attached to fishing and crayfishing gear.
MATERIALS AND METHODS
> PRODUCTION OF THE APHANOMYCES ASTACI SPORES
The high virulent A. astaci isolate UEF8866-2 (PsI-genotype) from Lake Puujärvi (Makkonen et al., 2012) , maintained in PG1 agar (Unestam, 1965) , was used in the zoospore production. Zoospores were produced according the method described by Cerenius et al. (1988) with sterile Lake Kallavesi water washing steps. Zoospore production was made aseptically in 2 mL volume of PG1 media using 12-well plates, as described by Jussila et al. (2011) . Zoospore concentrations were estimated in Bürker chamber and approximately 36 000 zoospores and 67 000 zoospores per replicate were used in the first and second test, respectively.
> THE DISINFECTANTS AND MODEL MATERIALS
The PAA based disinfectants were selected for evaluation based on easy availability and safety both for the user and for the environment. Wofasteril R 400 contains 40% of peracetic acid (PAA), Proxitane R 5:14 contains 5% of PAA and Proxitane R 12:20 contains 12% of PAA with all of them having hydrogen peroxide and acetic acid as stabilising components (Table I) . The breakdown products of PAA based disinfectants are rather harmless in practical concentrations, as are hydrogen peroxide's, too. Virkon R S has potassium peroximonosulphate (21.4%) and sodium chlorine (1.5%) as active ingredients. Commercial hydrogen peroxide's strength is 30%. We used a 2 × 2 cm piece of plain polypropylene (PP) sheet as a model of modern traps, 2 cm intertwined nylon rope (ø 2 mm) as a model of ropes and lines and 2 × 2 cm piece 02p3 of cotton fabric as a model of other porous organic materials, including traditional mesh or wooden traps. The model materials were tested in triplicate as clean and dirty. The model materials tested as dirty were kept in an organic solution, obtained from the bottom sediment of Lake Kallavesi (Kuopio, Finland), for one week in the room temperature (18 • C) for the organic matter to attach on their surface to imitate the outcome of the fishing and crayfishing gear been used before disinfection. Then the materials were dried in oven (60
• C) for 16 h and sterilized by autoclaving in 5 mL test tubes. In order to determine the amount of organic material attached to model materials, they were weighed before and after sediment treatment. The amount of organic matter varied, with cotton fabric having the highest proportion and absolute quantity of organic matter (Table II) , the nylon rope being the second dirtiest and the piece of hard PP being the cleanest.
> EFFECTIVE CONCENTRATIONS IN IN VITRO SUSPENSIONS
The efficacy of disinfection chemical was first evaluated in 96 well plates using A. astaci spore suspension. Two individual tests were done using following chemicals: Wofasteril R E400, Virkon R S and hydrogen peroxide (1st test) and Proxinate R 5:14, Proxinate R 12:20, Wofasteril R E400 and Virkon R S (2nd test). The tested concentrations were planned and adjusted according to the specifications on the usage of the commercial solutions and our previous results (Jussila et al. 2011) . The tested PAA and hydrogen peroxide (H 2 O 2 ) concentrations were 0.04, 0.1, 0.4, 1.1, 3.3, 10 and 30 mg·L −1 and Virkon R S concentrations were 0.01, 0.04, 0.12, 0.4, 1.1, 3.3 and 10 mg·L −1 of Virkon R S. All the treatments were done in triplicate and sterilized MilliQ water was used as a control. In the first test, a 100 µL volume of spore suspension was mixed with 100 µL of disinfectant solution or control water. After 10 min and 30 min incubation, 90 µL samples (∼460 spores) were taken and added to 100 µL of PG1 culture media in 96 well plates. The second test was done similarly to the first one except that 100 µL samples (∼450 spores) were taken after 15 min disinfection treatment and mixed with 100 µL of PG1 culture media. Liquid cultures were observed for eight and ten weeks, in the first and the second test, respectively.
> EFFECT OF THE DISINFECTANTS WITH THE MODEL MATERIALS
Disinfection tests with model materials were done in 5 mL test tubes in duplicates. Selected chemicals were first tested using PAA concentrations of 2 and 6 mg·L −1 for Wofasteril R E 400, Proxitane R 5:14 and Proxitane R 12:20 and 0.1 and 0.3 g·L −1 of Virkon R S. In the second test, concentrations were 10 and 30 mg·L −1 of PAA for Wofasteril R E400, Proxitane R 5:14 and Proxitane R 12:20 and 1.0 and 3.0 g·L −1 of Virkon R S. Sterile, autoclaved test materials, both clean and dirty treatment, were incubated in 2 mL of spore suspension in 20
• C for one day to enable zoospores to attach to the test materials. For disinfection, spore suspensions were removed and materials were treated with 4 mL of disinfectants with the materials fully submerged. After 15 min incubation disinfectants were removed and 2 mL of PG1 culture media was added. In the first and second test, liquid cultures were monitored for three and six weeks, respectively. 
RESULTS
> EFFECTIVE CONCENTRATIONS IN IN VITRO SUSPENSION
The spore germination and growth in PG1 culture media was successfully inhibited by using PAA based chemicals and Virkon R S, but the hydrogen peroxide did not inactivate the spores in any of the tested concentrations within the monitoring time and was thus left out of the further practical tests. Virkon R S was effective at the dose of 0.12 g·L −1 of Virkon R S (Table III ) and the effective PAA concentration was 10 mg·L −1 for Wofasteril R E400 while lower concentration, i.e. 3.3 mg·L −1 , for other PAA based chemicals was sufficient (Table III) . The different levels of hydrogen peroxide or acetic acid, the stabilising components in different PAA based solutions, did not alter the effective PAA concentration in vitro. Based on these results, a minimum dose for the following model material disinfection test for Virkon R S was 0.1 g·L −1 and for PAA based chemicals 2 mg·L −1 of PAA.
> EFFECT OF THE DISINFECTANTS WITH MODEL MATERIALS
After six weeks of the follow-up, spore inactivation was 100 % in all tested clean and dirty materials for Virkon R S at selected concentrations of 1 and 3 g·L −1 , except for dirty cotton fabric, for which model material only 3 g·L −1 was effective (Table IV) . For solutions containing PAA, both 10 and 30 mg·L −1 of PAA resulted in 100 % inactivation in all clean materials, with the exception that with Wofasteril R E400 at a concentration of 10 mg·L −1 of PAA one of the plastic rope replicates showed hyphal growth. Even though the growth appeared atypical for A. astaci hyphae, the 10 mg·L −1 of PAA concentration was considered a failure in inactivation. With the dirty materials, only Proxitane R 5:14 at the concentration of 30 mg·L −1 of PAA resulted in 100% inactivation.
02p5 DISCUSSION
We have shown that several commercial disinfectants can be used for inactivation of crayfish plague (A. astaci) spores attached to tested model fishing or crayfishing gear. Two of the tested different chemical formulations were effective in practical concentrations even when the tested material was covered with organic matter, as might be the case under practical situations. We would still recommend that prior to the disinfection, and regardless the effectiveness of the disinfectants shown in this study, the material should be rinsed or even cleaned of the organic matter to enhance to power of the disinfectants on the crayfish plague spores (e.g. Alderman and Polglase, 1985; Pedersen et al., 2013) . We showed that peracetic acid based disinfectant Proxitane R 5:14 at the PAA concentration of 30 mg·L −1 and Virkon R S at the concentration of 3 g·L −1 of Virkon R S were effective. The recommended concentrations are slightly higher than the lowest effective concentrations for clean material and would thus allow the disinfected material to be covered in organic matter, normally accumulating on the fishing and crayfishing gear surfaces when they are in use. We also showed, that two other PAA based disinfectants would be effective at a concentration of 30 mg·L −1 providing that the disinfected gear would be thoroughly cleaned.
These findings are similar with our previous findings on the effect of the PAA on crayfish plague spores in aquaculture conditions (Jussila et al., 2011) . The concentrations found effective in this study are higher than those recommended for fish aquaculture against Ichthyophthirius multifiliis (Rintamäki-Kinnunen et al., 2005a , 2005b . It has previously been shown that crayfish seem to tolerate higher concentrations of the PAA than fish (Jussila et al., 2011; Kouba et al., 2012) and we even observed indications of improved survival of the crayfish been bathed using PAA (Jussila et al., 2011) . The PAA concentrations found effective in the disinfection of the fishing or crayfishing material in this study are too high for fish under aquaculture conditions. The effect of the PAA based disinfectant solutions may not depend only on the PAA concentration itself, but acetic acid and hydroxen peroxide may have adjusted the pH, affected the PAA kinetics and its efficiency. Thus, Proxitane R 5:14 was effective in A. astaci spore inactivation even when the model materials were carrying a load of organic matter, in which situation the other tested PAA based disinfectants failed. We assume that these additional chemicals, i.e. hydrogen peroxide and acetic acid, assisted in slowing down the breakdown of PAA and thus improving Proxitane R 5:14 s efficiency against the pathogens. The matter is interesting and might require further studies. The suggested concentrations of PAA for A. astaci inactivation are rather high, and exceed those found harmless for aquatic animals, such as fish (Meineilt et al., 2007; Rintamäki-Kinnunen et al., 2005a , 2005b and biofilm microbes and planktonic organisms (Pedersen et al., 2013) , sometimes causing problems in aquaculture. Thus, as has been reported before (Jussila et al., 2011) , these concentrations could not be used in the aquaculture systems together with fish. The LC50 96h for PAA against adult and one year old signal crayfish (P. leniusculus) has been shown to be >70 mg·L −1 (Kouba et al., 2012) , which is in line with our observations (unpublished data), while the early juveniles are more susceptible to PAA with LC50 96 h of 15 mg·L −1 . Thus the recommended PAA concentrations could also be used in the crayfish aquaculture systems, in preventing the spread of disease agents attached to the surfaces when stocking farmed crayfish, but further studies are needed to verify this matter. We also detected that Virkon R S, a different chemical formulation, could be used for the disinfection of the fishing and crayfishing gear. This disinfectant proved effective also for the material loaded with organic matter, e.g. sedimented fine particle matter, in the concentration of 3 g·L −1 of Virkon R S. This concentration is lower than the recommendation by the manufacturer, i.e. 10 g·L −1 , which should be the minimum amount being used under practical conditions. Regardless of the shown inactivation even with the dirty model material for the 3 g·L −1 of Virkon R S, our recommendation for also Virkon R S usage is that all disinfected material should be carefully rinsed to remove excess organic matter.
02p6
The tested PAA based disinfectants could be disposed of after they have been neutralized or have broken down during disinfection process. A practical manner to neutralise PAA based disinfectants is to add organic matter or salt to the solution after the disinfection (e.g. Pedersen et al., 2013) . This would exhaust the oxidising potential of the PAA based solution and thus it could be disposed of safely. As the prevention of the accidental spread of the crayfish plague in fishing and crayfishing gear is of utmost importance (Oidtmann et al., 2002; Kouba et al., 2012; Jussila et al., 2013a Jussila et al., , 2013b , we summarise that certain peracetic acid (PAA) based solutions would be suitable for the disinfection of the fishing and crayfishing gear. The benefit of PAA based solution as a disinfectant is that the breakdown compounds are rather harmless to the environment and humans, too, thus increasing work safety. We also found Virkon R S to be effective, but maybe not as suitable for the practical layman conditions as solutions containing PAA.
